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(B4) Nitrogen-containing hetmcylic compounds, and their production and 



(57) A nitrogen-containing heterocyclic compound of the formula: 



wherein 

Ri is either one of the following groups: 

p-** y^-** 



N3 



R 1S ' R 21 R 20 

K *l mud 'Jc* e^' R,S ' R,< " R, £ Rl8 . ahd are MCh inde P e ""»ntly b hydrogen atom, a halogen atom a 
hL andR »reMrh t^w i ^ 9r °u Up ' 8 C '~ c « <"*V'thio group, a ,rifluoromethyl group ora nitre group R 1B . R„ 
B i .5 3 p '"dependency a hydrogen atom or a methyl group, k is 0 or 1 and t is 0 or an mwoer of 1 o 3 • 

m\«Oo"n^^^^ ° 
n Is 0 or an Integer of 1 or 2, 

which Is useful as an Insecticide agent. ^> 



4^ 
o 
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SPECIFICATION 

Nitrogen-containing hetomcycllc compounds, and their production and us* 

5 The present Invention relates to nhTogen-contafning heterocyclic compounds, and their production and use. 
The nitrogen-containing heterocyclic compounds of the invention are represented by the formula: 



10 




15 



wherein 

id one of the following groups; 



20 



25 



30 



( V* ' R 10 



VY 15 



S 17 



'12 



or 



R 




X 



H 2 } k 



14 



18 
l X9 



v 16 



21 



20 



(In which R 7 . R& R 3 , R 1Q , fli* Ri* Ri* R15. Rie and R 17 are, each Independently e hydrogen atom, a halogen 
atom, a C,-C d al|cy| group, a d-Cd alkoxy group, a C r C^ alkylthio group, a trlfluoromethyl group or a nitro 
36 group, R10, R 19l R20 and R 21 are each independently a hydrogen atom or a methyl group, k is 0 or 1 and € is 0 
or an integer ofito 3); 

H t and R 3 are F each independently a hydrogen atom, a halogen aiom or a methyl group; 

R 4 is a halogen atom or a methyl group; 

Re and R 6 are, each independently a hydrogen atom, a halogen atom, a C^~C 4 a iky I group, a Ci-C< alkoxy 
40 group, a Ci-Ca haloalkyi group or a d-d haloalkoxy group; 

X, V and 2 are each independently an oxygen atom, a sulfur atom or a methylene group; 
m Is 0 or an integer of 1 10 4; and 
n Is 0 or an integer of 1 or 2. 

By the term "halogen" as used herein Is meant chlorine, bromine, iodine or fluorine. 
45 The preferred nitrogen-containing heterocyclic compounds of formula (I) are those wherein 
Ri is either one of the following groups: 



50 





*17 



or 



12 




10 



15 



20 



25 



30 



36 



40 



46 



50 



R21 



55 (in which R 7 , R* Rn, Riz and R 17 are each a hydrogen atom or a fluorine atom, R 18 , R19, R*g and R Z1 are each a 55 
hydrogen atom and € is as defined above; 

R 2 and Rs are each independently a hydrogen atom, a halogen atom or a methyl group; 

R 6 and R fi are, each independently a hydrogen atom or a fluorine atom; 

X is an oxygen atom or a sulfur atom; 
60 Y is an oxygen atom; 60 

Z is an oxygen atom or a methylene group; and 

m and n are each 0. 

The intermediates in the production of the nitrogen-containing heterocyclic compounds (I) are also 
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2 



included within the scope of this invention. Among a variety of intermediates, those of the following formula 
are particularly important: 



wherein R" is a halogen atom, a hvdroxyl group, a tosyloxy group or a mesyloxy group, RJ and Rg are, each 

Independently a hydrogen atom or a methyl group and RSts a hydrogen atom or a fluorine atom. 
Organophosphorus insecticides, organochlorlnated insecticides, and carbamate in$eetle!de have made a 

great contribution to prevention and extermination of harmful Insects. Some of these insecticides* however, 
IS axhibita high toxicity, Furthermore, thair residual effect sometimes causes an unfavourable abnormality in 

the ecosystem of insects. Furthermore, a resistance to the insecticides Is noticed in house flies, 

planthoppers, leafhoppers and rice borers. 
In order to overcome these problems, an extensive study was carried out to provide an excellent 

Insectiside which shows at a low concentration a high preventive effect attributable to a juvenile 
20 hormone-like activity; as a result, it has now been found that the nSirog en-containing heterocyclic 

compounds (!) of the invention are useful for the control of insects in agricultural fields, forest lands. 

granaries, stored products, sanitary facilities, etc. 
A Known Insecticide having a Juvenile hormone-like activity, is known "methoprene" (U.S. patents 

3,904,662 and 3,912,81 6). The insecticidal activity of this known substance Is still not satisfactory, 
25 The nitrogen-containing heterocyclic compounds (I) of the invention show e juvenile hormone-like 

controlling effect and therefore can be used at a low concentration for the control of a variety of Insects 

belonging to Coleoptera, Lepidoptera, HemiptBra, Dictyoptera, Diptera, etc. as well as spider mites 

. (Teranychidae) belonging to Acarina fn agricultural fields, forest lands, granaries, stored products and 

sanitary facilities. 

30 The nitrogen-containing heterocyclic compounds (I) can be prepared by various procedures, of which 
typical examples are shown below. 

Procedure A 
A compound of the formula: 



wherein R«, R 6 , Y. Z. ir ;:nd n are each as defined above, R$ and R3 are each independently a hydrogen 
atom or a methyl group and An is a halogen atom, a mesyloKy group ora tosylo::y group is reacted with a 
45 compound of the formula; 



wherein fti and X are each as defined above, or an alkali metal salt thereof to give the nitrogen-containing 

5 rj hererocvctlc compound (I*. 

The reaction is usually ceried out in the absenceor presence of an inert soivcrtrt e.g. dimethylformamide. 
dimethyisulfoxide, tetrahye'rofuran, dimethoxyathane or toluene) in the presence ot an acid accepting agent 
such as an alkali merel, an alkali metal hydride, an alkali metal amide, an alkali mots! hydroxide, an alkali 
metal carbonate, an alkyl lithium or an organic base at a temperature of -70°C to rlic- boiling temperature of 

55 the reaction mixture, preferably from room temperature to 1 1 0 a C, for a period of 0.5 to 2d hours. In order to 
accelerate thB reaction, a phase transfer catalyst such as benzvltriethylammonium chloride or tetra-n- 
butylammonium bromide may be employed. In this case, water may be used as the solvent 
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The molar ratio of the compound (II) to the compound (III) b normally 1 : 1 - 10, prafarably 1 : U . 1. 5 . 
Procedure B 



A compound of the formula : 

5 



10 




^Y-CH-^CH^ CH-X ' H 



10 



3D 



ss 



15 

(V) 

«rJp 8 oun f d fl) M defln9d abOV '' A> ' S 8 ha, ° 9en *° m te *• * B nitro gB n-con,aini„ a heterocyclfc 

T h«™'*rrat,oofth 8 compound(.V)to^^^ 
Procedure C 

1 30 b« T ^S?r" C ° nlflIn " ,E !,f' eIer0cvclic com P°""«J6 (I) wherein R, or R, is 8 halogen atom ear, be oreoarad 

as 

with an N-halosuccinimide of the formula: 

T 

O 50 

^^^^ 



55 



60 
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itSl'iT? HS!^!* ^ S °u fn f ,U ? ed wilhJn lhe scopa of th6 'nvention. Examples of the acfd are Inorganfc 

c wJlh ^ P ? Und (l ". aS ° ne °1 the ^ 8rllns mBterfal6 ma V be Produced by p*r *e conventional procedures, of 
B which typical examples are shown in the following schema: 

When Y Is oxygen or sulfur 



10 



Procedure (1) 



15 



20 



25 



ao 



35 




Base 



R 4 

Br-CH-eCH.-H-CH 1 
(VII) 



R 1 

3 

CH-fCH,-hr-CHO 
« n 



CH^MgBr 



or LiAlH. 



(VIII) 




a* 

i3. 



|2 



H 3 cP 10 

> 



15 



20 



25 



30 



36 



00 



(IX) 



PBr a 



^jj^* ttl: A, ■ Br or tosyloxy) 



** z ' m and " are each as deflned flbove - Y ' is an oxys,en atom or a su,fur atom an < 



SO Procedure (2) 
R 



55 




P • 

|3 



ft* 
|2 



60 



(VI) 



Base 



A 4 -CH-fCR 2 -)-^CH-A 



(X) 



40 



AS 



GO 



55 



BO 



(H: At «= halogen) 



{wherein Ri, RJ, n% # R 6 , R e , Y', 2, m and n are each as defined above and Aq is a halogen atom). 
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Procedure (3) 




10 



(VI) 



(XI) 



10 



15 



20 




R 2 



(XXI) 



PBr 3 



25 



or H 3 C^^S0 2 C1/ (^j) 



(II: Ra = hydrogen; A, ■ Br ortosyloxy; n ■ 0| 



(wherein Ri, R«, R$, R», Y\ Z and m is as defined above), 



30 



Procedure (4) 



15 



20 



25 



30 




base 



R 5 <V» Br^CH-eCH 2 ^C-0-W 2 R 5 <V B 



40 (VI) 



(XIII) 



(XIV) 



236 



40 



45 



50 



LiAlH . 




R 3 
I 



y-Y * -CH—tCH 2 -)-jj-CH 2 -OH 



PBr 3 



(XV) 

- » „ (II: R£ » hydrogen; A, *> Br ortosyloxy) 

(wherein Ri R 4 , Rb, Re, Y\ Z, m and n are each ae defined above and W z is an alkyl group). 



45 



50 



55 
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Whan Y Is methylene and n 1$ zero;- 



10 




CHO + 



(XVI) 



r 



II 
0 



(XVII) 



base 



10 



15 



20 




Z R 3 

v\ I LiAlH. 
^CH-CH-C-W., — 9- 

II 3 

o 



16 



20. 



(XVIII) 



25 



30 



1 1 




(XIX) 



25 



30 



35 



PBr a 



or H 3 C^^-S0 2 C1/ 



O 



(II: Y - methylene; Ai ■» Brortosyloxy; n = 0) 



35 



(wherein R£* R3. Rs, R», 2 and m are each as defined above, W 3 is en a Iky I group end W 4 is a methyl group 
40 or an alkoxy group). 40 
The compound (VI) Is known or can be prepared by perse conventional procedures (cf. Angew.Chem., 52, 
915 (1938); Japanese Patent Publn. (unexamined) No. 62033/1980). Atypical example for producing the 
compound (VI), e.g. 4-(3,5*d[fluorophenoxy)phenol, is illustrated below. 

F y copper or 
45 > — v r — v its compound 45 
7 Wf + MoY' y-OCH 3 



50 



50 



55 




HBr 



55 



(wherein M is an alkali metal atom]- 
The compound (IV) wherein X is an oxygen atom may be obtained in the seme manner as the preparation 
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of the compound (II). The compound (IV) wherein X is a sulfur atom may be produced in the follow™ 
manner: 

fa) 

R 5 

M-S-H 10 
> (IVrX^sulfwr) 

therein Ri Ri fc. R* Y, 2. A„ m and n are each us defined above and M Is an alkali metal atom). 
15 One ofthe optically active mtermedlate compounds of the invention, i.e. (SM+M-methyl-2-<4-phenoxy- 15 
phenoxyjethanol. may be obtained in the following manner: w-pnwiwcy ! t, 

f*3 ... CH, 
20 c 2 h 5 o-c^ a. _^ r: C.H c O-C^C.. Jl J 20 




25 



r • n 

1 OH p-toluen 
O H . .. sulfonic acid q ff ; 

((S)-L-ethyl lactate) *" 25 



CH 



30 I»iAlH 4 HOCH 2 ^ - « >^ a, 



35 



40 



a 

CH 



vow ; X) ^ 

I °- base 
H 



9 H 3 p-tolue-ne- 

sulfonic acid 



35 
40 



4S H .6 



50 ' n > * I 3 



60 



OH 

H 



55 Likewise, (R)-(-)-1-meihyU2H4-phenoxypheno>cyKethanol is prepared from (R(-D-ethyl lactate. 55 
TJie (RM-)*or,(SM+ Hsomer of 1-methyl-2-(4^henoxyphenoxy)ethanol can be converted Into its 
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corresponding another stereo-lsomer according to the following steps: 

CE^j R-S0 2 Cl/organic 

f w . — 




10 (B) -(-} -isomer 10 



cr: 

i 3 



if 



1 > 



J "*OSO,R 

H 2 



J p hydrolysis 

> 



26 H 26 

30 V "y-0\' y-O-CH, C, 30 

*OH 



(SM+J-isomer 

36 wherein R Is a p-tolyl group or a methyl group and M' is a sodium atom or a potassium atom- 35 
Practical and presently preferred embodiments for preparation of the compound (I) are illustratively 
shown In the following Examples. 

Example 1 

40 Preparation of Compound No. t (Procedure A):- .40 
To a suspension of sodium hydride (132 mg, 3.3 mmol; 60 % In oil) In dlmethylformamlde (5 ml), a solution 
of 2-hydroxypyrfdine (314 mg, 33 mmol) in dlmethylformamide (3 ml) was dropwise added with stirring, 
and stirring was continued at room temperature until the generation of hydrogen gas ceased. To the 
resultant solution, there was dropwise added a solution of 2-(4-phenoxyphenOacy)ethyl bromide (879 mg, 3.0 

45 mmol) In dlmethylformamide (3 ml), and the mixture was stirred at room temperature overnight The 45 
reaction mixture was poured Into water (70 ml) and extracted with toluene (25 ml) three times. The toluene 
layer was dried over anhydrous magnesium sulfate, and the solvent was removed by evaporation. The 
residue was purified by silica gel column chromatography to give 2-(2-{4-phenoxyphenoxy)-ethoxylpyridine 
(264 mg) as white crystals. M.f?., 94.2 D C. 

50 50 

Exemple2 

Preparation of Compound No. 3 (Procedure B)> 

To a suspension of sodium hydride (200 mg, B.O mmol; 60% in oil) in dimethyrformamide (6 ml), a solution 
oM-methyf-2-(4-phenoxyphenoxy)ethanol (1.22 g, 5.0 mmol) in dimethylformamide (3 ml) was dropwise 

55 added with stirring, and the mixture was kept at an Inner temperature of 50 to 60°C until the generation of 55 
hydrogen gas ceased. 2-Chlorophyrldine (684 mg, 6.0 mmol) was dropwise added thereto, followed by 
stirring at 100 to 7 lore for 5 hours* The reaction mixture was cooled to room temperature, poured into water 
(100 ml) and extracted with toluene (40 ml) three times. The toluene layer was dried over anhydrous 
magnesium sulfate, and the solvent was removed by evaporation. The residue was purified by silica gel 

60 column chromatography to give 2-[1-methyh2-(4-phenoxvphenoxy)ethoxy)pyrIdine (1J27 g) as pale yellow 60 
liquid, ng 0 - 5 1,5823. Upon being allowed 10 stand for a few days, the liquid solidified to give crystals. M.P., 
49.7X. 



Example $ 

65 Preparation of Compound No, 12 (Procedure B):- 



65 
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To b suspension of sodium hydride (20 mg, 0.S mmpl; 60 % In oil) in dimethylformamide (1 ml), a solution 
of l^9thyl-2-[4-(3,6.dmuorophenoxv)phonoxyIethanol (140 mg. 0.5 mmo|) in dlmetbylformemide (1 ml) 
was dropwise added with stirring, and stirring was continued at room temperature until the generation of 
hydrogen gas ceased. 2-Fiuoropyridine (97 mg, 1.0 mmol) was dropwise added thereto, and the mixture was 
5 stirred at room temperature overnight. The reaction mixture was poured into water (40 ml) and extracted 
with toluene (20 ml) three times. The toluene layer was dried over anhydrous magnesium sulfate, and the 
solvent was removed by evaporation. The residue was purified by silica gel column chromatography to give 
2-{Vmethyl-2-{4'(3,5-difluorophenoxy)phenoxy)ethoxy}pyridine (129 mg) as pale yellow liquid nj 8,0 1,6602. 



1Q Example 4 

Preparation of Compound No. 49 (Procedure (A);- 

To a suspension of sodium hydride (1 60 mg, 4.0 mmol; 80 % in oil) In dimethylformamide (5 ml), a solution 
of 2-mercapto-2-thfS2oline (476 mg. 4.0 mmol) In dimethy If orm amide (3 ml) was dropwise added with 
stirring, end stirring was continued until the generation of hydrogen gas ceased. To the resultant solution, 

15 there was dropwise added a solution of 2-{4«phenoxyphenoxyjethyl bromide (1.17 g, 4.0 mmol) In 

dimethylformamide (3 ml), and the mixture was stirred at room tamperature overnight The reaction mixture 
wss poured into water (80 ml) and extracted with toluene (40 m!) three times. The toluene layer was dried 
over anhydrous magnesium sulfate, and the solvent was removed by evaporation. The residue was purified 
by silica gal column chromatography to Bive2-U.(4-phenojryphenoxy)ethylthio]-2-thiazoIlne (867 mg) as 

20 pale yellow crystals. M.P.. 88.6T, 



tetrahydropyranyl ether obtained in (1 > (6.6 g. 33 mmol) was dropwise added at an inner temperature of 0 to 
10"C, and the mixture was stirred at the same temperature for 1 hour and at 20°C for 1 hot- 



10 



15 



20 



Example S 

Preparation of Compound No, 20 (Procedure B);- 

(1 ) (S)-L-Ethyl lactate tetrahydropyranyl ether L-Ethyl lactate (4.0 g, 34 mmol) and dlhydropyrane (3.7 g ( 

25 44 mmol) were dissolved In dry diethyl ether [20 mi). To the resultant mixture, a solution of 2 S 
p-toluene-sulfonlcacid(SOmg) in dry other (2 ml) was dropwise added at an Inner temperature of 0'C. and 
the mixture was stirred at the same temperatu re for 2 hours and at 20"C for 1 2 hours. The reaction mixture 
was poured into an ice-cooled B % aqueous potassium carbonate solution and shaken. The ether layer was 
separated, washed with an aqueous sodium chloride solution and dried over anhydrous magnesium sulfate 

30 Removal of ether gave almost pure (S)-L-ethyl lactate tetrahydropyranyl ether (6.6 g) as pale yellow liquid, 30 

- n?* 0 1.4396, [o]g*= -54.3° (CHCI<,.c = 0.56), 

(2) (S)-2-(Totrahydropyranyloxy)-Vpropano| 

To a solution of lithiumaluminum hydride (1.5 g, 40 mmol) in dry ether (SO ml), (SK-ethyl lactate 



35 



36 10 C, and the mixture was stirred at the same temperature fori hour and at 20°C for 1 hour. The reaction 
mixture was then poured into an ice-cooled aqueous ammonium chloride solution and extracted with ether. 
Tha ether layer was washed with an aqueous sodium chloride solution and dried over anhydrous 
magnesium sulfate, Removal of ether gave (S)-2-(tetrahydropyranyloxv)propanol (4.2 g) as pale yellow 
liquid, ng 2 - 5 1,d552, f a ]| a « -5.3° (CHCI 3i c - 0.51). IR (film): 3400, 2930, 1080. 1020 (strong). 
40 (3) ($K2-(Terr3hydrbpyranyloxy)-1*propyl p-toluenesulfonate 4 0 
p-Toluanesulfonyl chloride (5.6 g, 30 mmol) wbs added to a solution of (S)-2- 
(tetrahydropyranyloxy)propanol as obtained (2) (4.2 g, 28 mmol) in pyridine (7 g) at a temperature of 0 to 5°C, 
and the resultant mixture was allowed to stand at 0°C for 12 hours. The reaction mixture was poured into 
Ice-water and extracted wiih ethyl acetate. The ethyl acetate layer was washed with water five times and then 
45 with an aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. Removal of the 45 
solvent gave (S )-2-(tetre hy d ro pyrany I oxy)-1 -propyl p-toluanesulfonate (6,8 g) as pale yellow liquid. 1 H-NMR 
spectrum $ [CDCI 3 ,TMS>: 1.13 (3H, m>. 1.3-1.8 (6H), 2,39 (3H, s), 3.2 -4.2 (SH), 4.62 (1H, broad m), 7.0 - 8.0 
(4H). 

(4) (S)-l-Methy|-2-(4-phenoxyphenoxy)ethanoi 

50 To a suspension of sodium hydride (0,84 g, 21 mmol; 60 % in oil) In dimethylformamide (20 ml), 50 
4-phenoxyphenol (4.20 g f 23 mmol) was gradually added under ice<ooling, end the mixture was stirred at 
20X for 1 hour, (S)-2-(TetrahydropyranyloxyM -propyl p-toluenesulfonate as obtained in (3) (6.39 g, 20 
mmol) was added thereto, and the resultant mixture was stirred at an inner temperature of 70°C for 7 hours* 
The reaction mixture was then poured into Ice-wBter and extracted with ether twice. The ether layer was 

55 washed with a 3 % aqueous sodium hydroxide solution so as to eliminate unreacted 4-phenoxyphenol. The $5 
ether layer was washed with an aqueous sodium chloride solution and dried over anhydrous magnesium 
sulfate. After removal of the solvent, methanol (50 ml) and p-toluenesulfonlc acid (50 mg) were added to the 
residue, followed by stirring at 20"C for 1 hour. The reaction mixture was poured into an aqueous sodium 
bicarbonate solution and extracted with ethyl acetate twice. The ethyl acetate layer was washed with an 

60 aqueous sodium chioride solution and dried overanhydrous.magneaium sulfate. After removal of the 60 
solvent, the residue was purified by silica gel column chromatography to give (SM-meihyl-2-(4- 
phenoxyphenoxy)ethanol (2,30 g) as white crystals. M.P., 73.e*C. tajjj 3 - +18,5° (CHCI 3 , c =» 1.0). 
(5> (5)-2-{l-Methyl-2-(4-phenoxYphonoxy)ethoxyl.pyrIdfnB 

To a suspension of sodium hydride (80 mg, 2.0 mmol; 60 % In oil) in dimethylformamide (5 ml), 
65 (S)-1-methyU2-(4-phenoxyphenoxy)athano! as obtained in (4) (500 mg, 2.0 mmol) was added at an inner 65 
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10 



10 



15 



25 



30 



2-RuoropvTKJine (280 mg, 2,d mmol) was added thereto, and atimng was contained at 2(TC for 12 hours Ihe 
reason mixture was poured Into f^water and extracted with ethyl aceWe Mee^e «£| ^ £Sr 
was washed with an aqueous sodium chloride solution and dried over aXdYcSs^ 

5 STn^^lTK rt9 L dUe Wa f PUrifl8d bV 9llica 061 C6,U ™ chromatogrephyrgrve 
-i r ^ (3?0 m0) 835 pal8 V ellow »iw- r| ° 1 .5828. W f = 

Example 6 

10 Preparation of Compound No. 1 18 (Procedure A)-- 

1 1UXSSF 0, •2'» ,,r, • ( ]^' 11 fnmol > ln drytetrehydrofuran (20 ml), n-butyl lithium (8 ml, n mmol- 

li -50^KZnu^ d , at ,7 5 r C Und8 : nitr ° 9en Unt " r0a0tte " m """"° ^d. After S 

« S£ ^ " Z^Phenoxyphenoxylethyl bromide (3.0 g. 10 mmol) was dropwise added thereto 
1, Sa"cSn rn ^ mnB C T nU ?* ° tlhe "™ tef "P a "*"' for 2 hours and at 20*C fo> 12 hours^e 
• ? PO"«d 'nto Ice-weter and extracted with ethyl acetate. The ethyl acetate layer was 

^tZiZ Ve^Z^T^T Ph, ° ridB S ^ IUt,0 u h ° nd dried 0Ver anh >* rous n-sniun. sulfate. After 
rem oval of the solvent, the residue was purified by silica gel column chromatography to give 

2-[3-(4-pheno»yphenpxy)-propy|)pyridine (1.8 g) as pale yellow oil. n§"-* 1.5861. 
20 Example 7 

Preparation of Compound No- 1 1 1 (Procedure C):- 20 

(3 Sl'IEllI? ^^f»nSti Ph u[! 0 ^ Ph !" 0 ^ 8 \ hV ' thiolpyrim,dine <3Z4 1 -° mrn8 » in cart »" Tetrachloride 
ra mil. there was added N-chlorosuccimmide (1 60 mg, 1 .2 mmol) with stirring under iee-cooline The 

« 8 red " all X e,evawd t0 temperature, and stirring wa 9 s dXK^A Th. 

25 precpra e was separated by filtration, and the filtrate was concentrated. Re-crystallization of the residue 
cr°y^Mlp a ^e.0 ? C Ve 2 - n - ch,oro ' 2 - (4 - phenox yP^no«y)ethylthio)pyrimidine (268 mg) as pale yellow 

Example B 

30 Preparation of Compound No. S (Procedure B):- 

itat^XS* ^J-^Mny'-Z^PhenoxyphenoxyJethanol (2.0 g, 8.2 mmol), 2-chloropyridine (4.0 g. 35 mmol). 
flaked 95 % sodium hydrox.de (1 g 24 mmol) end tetra-^butyl-ammonium bromide (0.13 g) was stirred at an 
innertemperature of 85 to SO'C for 6 hours. After allowed to cool, toluene (10 g) was added hereto 'and the 
resultant mixture was washed with water and extracted with 35 % hydrochloric acid (5 g) twice. The 
SS^I! Washed with toluene «° fl»« A 10 * aqueous sodium hydroxide solution was 35 

h« 1 k • T 8k6 the m,XlUre sufficiant 'y basic - basic mixture was further extracted with toluene 

(10 g) twice, and the toluene layer was washed with a 10 % aqueous sodium hydroxide solution and a 

*W B0 »* chlorida solution in order and dried over anhydrous magnesium sulfate. After 

removal of tha solvent, the residue was purified by silica gel column chromatography to give 

40 ZHl-methyl-2-(4-phenoxyphenoxy)erhoxyJpyrfdine (1,87 g) as white crystals. 40 

Examples 

Preparation of Compound No. 3 (Procedure B);- 

« drIn«SH B ^ S ° dium hy l dr ' de ,0 - 61 8 ' 1 B mrr,0,; 60 % in oil1 and 2-chloropyridine (1 g. 9 mmol), there was 
5 aT^SSi^!T , - n of . 1 - m . ethV, - 2 - (<, - ph8nM y-P heno,e V> ethB n o1 »•« 9, 12 mmol) and 2-chloropyridine 
inSlT.T ' . r "" 9 81 an ,nn ertemperature of 0 to 5»C. Tatra-n-butylammonium bromide (0.2 a) was 
added t0 the resultant mixnin, and stirring was continued at room temperature for 40 minutes and et an 
inner ^temperature of 85 to 90'C for 6 hours. After allowed to cool, toluene (1 0 g) was added thereto, and the 

S n to£Z£:T d Z^tt™* W3,er SXlraCted With 35 % ^rochloric acid (7.5 g) twice. To the 
exJLcflon with £ X 'M T S °f tUm hvdroxide so,utio " addedto make basic, followed by 

extract™ w th toluene (10 g) twice. The toluene extract was washed with a 10 % aqueous hydroxide solution 

estate B9Ve 2 - !l - rneth y | ' 2 -' 4 -P ha " 0 «yPh an «»«V>-«thoxyJ Py ridine (3.51 g) as pale browp 

55 

Example 10 55 
Preparation of Compound No. 5S;- 

Excess of gaseous hydrogen chloride was gradually introduced into a solution of 2-I2H4- 
« f^ST ^y^ybYjM™ » ■» mg, 5.0 mmol) in toluene (50 ml) with stirring. The produced white 
BO preoprtata was collected by filtration, washed with toluene several times and dried to glv 9 2-BM4- 
phenoxyphenoxyjethoxyjpyridinium hydrochloride (1.65 g) as white crystals. M.P., 138.TC. 

Reference Example J 
Preparation of (S)-(+M-methyl>2-(4-phenoxyphenoxy)ethanol:- 
65 A solution of 4-phenoxyphenol (2.14 9. 1 1 .5 mmol) in toluene (7 ml) was poured Into an aqueous solution 



45 



50 



60 



65 
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(3 ml) of sodium hydroxide (0,92 g, 23,0 mmol), and (SM-)-propylene oxide (1.0 9, 17.24 mmol; a reagent 
manufactured by Aldrich; l<xio*» -12% (CHCI3, c - 1)) was added thereto while stirring. To the resultant 
mixture, tetra-n-butylammonium bromide (185 mg) was added, and the mixture was stirred at room 
temperature for 1 2 hours, followed by addition of (S)-(-)-propylene oxide (1 g). After stirring et room 
5 temperature for 6 hours, the reaction mixture was vigorously stirred with addition of water (20 ml) and 5 
toluene (20 ml). The toluene layer was separated and washed with a 20 % aqueous sodium hydroxide 
solution and an aqueous sodium chloride solution In order and dried over magnesium sulfate. Removal of 
the solvent gave crude (SM+ )-1-methyl-2-(4-phenoxyphenoxy)ethanol (2.35 g), which was further purified 
by silica gel column chromatography to give (SM+)-1-methyl-2-(4-phenoxyphenoxy)ethanol (1,97 g)> [«]§* ^ 
10 +14.0°(CHCI a ,c«1),ee.:72.9%, 70 



Reference Example 2 

Preparation of (SM-merhyi-2-(4-phenoxYphenoxy)^hyl acetate through (R)-1-methyl-2-(4- 
phenoxyphenoxyjethyl methanesulfonate:- 

1S Amixture of anhydrous sodium acetate (82 mg, 1.0 mmol), (RM-methy1-2-(4-phenoxyphenoxy)ethy| 15 
methane-sulfonate (250 mg, 0.78 mmol: ee. : 99.4 %) and dimethvlformamide (5 ml) was stirred at an inner 
temperature of 100 to 1 10°C for 5 hours. After allowed to cool, ice-water was added thereto, and the reaction 
mixture was extracted with toluene three times. The toluene layer was dried over anhydrous magnesium 
sulfate. The solvent was removed, and the residue was purified by thin layer chromatography using silica gal 

20 to give (SM~)-1-methyl-2-(4-phenoxyphenoxy)ethyl acetate (158 mg). (a]g* = -30*6° (CHClj, c - 1 ), ee_: 88.8 20 

Reference Example 3 
Preparation of 4~(3,5-dlfluorophenoxy)eniBole> 
25 Sodium hydride (7.56 g, 0,189 mol; 60 % in ail) was washed with n-hexane to eliminate the oil, and 25 

N,N-dfmethyiformamide (100 ml) was added thereto to make a suspension. To the thus prepared 
, suspension, 4-methoxy-phenol (25.84 g, 0.208 mol) was gradually added with stirring, and stirring was 

continued until the generation of hydrogen gas ceased. 1,3,5-Trifluorobenzene (30.00 g, 0.227 mol) end 

cuprous chloride (0.50 g) were added thereto. The resultant mixture was heated under reflux for 8 hours with 
30 stirring. After allowed to cool, the reaction mixture was poured into ice-water and extracted with toluene, 30 

The toluene layer was dried over anhydrous magnesium sulfate. The solvent was removed, and the residual 

oil was distilled under reduced pressure to give 4-(3,5-difluorophenoxy)anisole (25.42 g). B.P., 98.5°C/0.2 

mmHg. 



35 Reference Example 4 35 
Preparation of 4-(3,5-difluorophenoxy)phenol 

Amixture of 4-(3,5-difluorophenoxy)anisole (22.0 g, 0.093 mol), acetic acid (200 ml) and a 47 % aqueous 
hydrogen bromide solution (200 ml) was heated with stirring under reflux for 8 hours. After allowed to cool, 
the reaction mixture was poured into ice-water and extracted with a mixture of ether and n-hexane (1 : 2). 
40 The organic layer was washed with water three times and dried over anhydrous magnesium sulfate, 40 
Removal of the solvent gave 4-(3,5-dlfluorophenoxy)phenol (20.27 g). 

Reference Example $ 
Preparation of 2*[4*(3,5-difIuorophenoxy)penoxy]athanol;- 

45 4-(3,5-Difluorophenoxy)phenol (9.0 g f 40.5 mmol) was added to an ethanolic solution of sodium ethoxide 45 
prepared from ethanol {40 ml) and sodium (939 mg,40;9 mmol). To the resultant solution, 2-chloroethenol 
(3.26 g, 40.6 mmol) was dropwise added with stirring under reflux. After completion of the addition, the 
resultant mixture was stirred under reflux for 4 hours. After allowed to cool, ethanol was removed, and the 
residual oil was dissolved in toluene. The toluene layer was washed with water once, a 20 % aqueous 

50 potassium hydroxide solution two times and a saturated aqueous sodium chloride solution once in order 50 
and dried over anhydrous magnesium sulfate, Removal of the solvent gave 2-[4-(3,6- 
dtfluorophenoxy)phenoxy]ethanot (6.50 g). 

Reference Example 6 

55 Preparation of Vmethyi-2-[4-(3,5-difluorophenoxy)phenoxy]ethanol:- 55 
4-(3,5-Dif)uorophenDxy)phenof (3.0 g, 13.5 mmol) was added to an ethanolic solution of sodium ethoxide 
prepared from ethanol (15 ml) and sodium (313 mg, 13.6 mmol). To the resultant solution, 1-chioro-2- 
propanol (1 ,60 g. 16.9 mmol) was dropwise added with stirring under reflux. After completion of the 
addition, the resultant mixture was stirred under reflux for 5 hours. After allowed to cool, ethanol was 

$0 removed, and the residual oil was dissolved in toluene. The toluene layer was washed with water once, a 20 50 
% aqueous potassium hydroxide solution two times end a saturated aqueous sodium chloride solution once 
in order and dried over anhydrous magnesium eurfate. Removal of the solvent gave 1 -methyl-2-[4-(3,&- 
difluorophenoxy)phenoxy)ethanol (2.24 g). 
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Reference Example 7 
Preparation of 2-methyt-2-[4-(3.S-dffluorophenoxy)phenoxy]ethanot > 

A mixture of 4-{3,5-djfluorophenoxy)phBnol (11.1 g, 50.0 mmol), ethyl 2-bromopropionate (9.96 g, 65.0 
mmol), potassium carbonate (7.25 g, 52,5 mmol) and N.N^imethyrformamide (50 ml) was stirred at an inner 
5 temperature of 70 to 90°C for 3 hours* After allowed to cool, the reaction mixture was poured Into ice-water 5 
and extracted with toluene. The toluene layer was dried over anhydrous magnesium sulfate, and The solvent 
was removed to give ethyl 2-[4-{3,5-difluorophenoxy)phenoxy] propionate (15.5 gh 

The thus obtained ethyl 2*{4*<3.5-dffIuorophenoxy)phenoky]propionaTe (1 5.6 g) was dissolved In diethyl 
ether (10 ml). The resulting solution was drop wise added to a suspension of lithium aluminum hydride (1.38 
10 9* 36.3 mmol) in diethyl ether (70 ml) with stirring at an inner temperature of -20 10 - 10°C After completion 10 
of the addition, stirring was continued for 1 hour while keeping the Inner temperature at 0 to 5°C.The 
reaction mixture was poured into a mixture of ice and hydrochloric acid and extracted with ether. The ether 
layer was dried over anhydrous magnesium sulfate, and the solvent was removed to give 2-methyl-2-[*-<3,5- 
difluorophenoxy)phenoxy]Bthanol (12.6 g). 
15 15 
Reference Example 8 

Preparation of 2-[4-(3 r 5-dIfluorophenoxy)phenoxy]ethyI bromide:- 

To a mixture of 2-[4"(3,5-difIurorophenoxy)phenoxy]ethanol (1.00 g. 3.76 mmol) and n-hexane (50 ml), 
phosphorus tribromlde (o ,71 g, 2.63 mmol) was gradually added with stirring under ice-cooling. After 

20 completion of the addition, the temperature was elevated to room temperature and stirring was continued at 20 
the same temperature for 30 minutes, followed by stirring under reflux for 1 hour. After allowed to cool, the 
upper n-hexane layer was collected by decantstion r and the n-hexane layer was washed with water two 
times, an aqueous sodium carbonate solution three times and a saturated aqueous sodium chloride solution 
once In order and dried over anhydrous magnesium sulfate. Removal of the solvent gave 2-{4-{3,S- 

26 d if luorop hen oxy)phenoxyj ethyl bromide (915 mg). 25 

Reference Example 9 
Preparation of 2-[4-(3 ( 6-difluorophenoxy)phenoxy]ethyl p4oluenesu|fonate> 
To a solution of 2-[4-(3,5-difluorophenoxy)phenoxy]etbano| (2.66 g. 10.0 mmol) In pyridine (2.B g), 
30 p-totuenesulfonyl chloride (1.91 g, 10.0 mmol) was gradually added with stirring while cooling at -20*C, and 30 k 
the resultant mixture was allowed to stand in a refrigerator overnight Diethyl ether was added to the 
reaction mixture, which was washed with dilute hydrochloric acid until. the aqueous layer became acidic, 
followed by washing with an aqueous sodium bicarbonate solution and a saturated aqueous sodium 
chloride solution. The obtained ether layer was dried over anhydrous magnesium sulfate, and the solvent 
35 was removed to give 2-[4-{3,5»difluorophenoxy)phenOxy]ethyl p-toluenesulfonare (3.90 g). 35 
In the same manner as above, there were prepared the nitrogen-containing heterocyclic compounds (I) 
and the Intermediates thereto. Some typical examples of them ere shown in Tables 1 to 3. 
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On the application of the nitrogen-containing heterocyclic compounds (I) as Insectlcldal agents, they may 
be used as such or, preferably, in the form of art appropriate composition such as emulslflable concentrate, 
dusts, granules, wettsble powders and fine granules. The content of the nitrogen*contalning heterocyclic 
compound (I) In such composition Is usually from about M to 99.8 % by weight preferably from about 2 0 to 
6 80,0% by weight T 5 

The composition can be formulated In a per ee conventional manner by mixing at least one of the 
nitrogen-containing heterocyclic compounds (I) with an appropriate solid or liquid carriers) or diluent (s). An 
appropriate adjuvant (a) (e.g. $urfectants, adherents, disponents, stabilizers) may be admixed therein for 
Improving the disperslbllity and other properties of the active Ingredient on use, 
10 Examples of the solid carriers or diluents are days (e.g. kaolin, bentonite, fuller's earth, pyrophyllfte, 10 
aericite), talcs, other inorganic materials (e.g. hydrsted silica, pumice, diatomseeous earth, sulfur powder, 
active carbon) in fine powders or powdery form* 

Examples of the liquid carriers or diluents are alcohols (e.g. methanol, ethenol), ketones (e.g. acetone, 
methyl ethyl ketone), others (e.g. diethyl ether, dfoxane, cellosolve, tetrahydrofuran), aromatic hydrocarbons 
15 (e.g. benzene, toluene, xylene, methyl naphthalene), aliphatic hydrocarbons (e.g. gasoline, kerosene, lamp is 
oil), esters, nitrilea,acjd amides (e.g. dimethylformamlde, dimeihylacetamlde), halogenated hydrocarbons 
(a.g, dichloroethane, trichloroethyiene, carbon tetrachloride), etc. 

Examples of the surfactants are alkylsuffates, alkylsulfonates, allcylarylsuffonates, polyethylene glycol 
ethers, polyhydrlc alcohol esters, etc; Examples of the adherents and disponents may Include casein, 
20 gelatin, starch powder, CMC (carboxymethyl cellulose), gum arable, alginic add, ligninsulfonate, bentonite, 20 
molasses, polyvinyl alcohol, pine oil and agar. As the stabilizers, there may be used PAP (isopropyl acid 
phosphates mixture), TCP (tricresyl phosphate), tolu oil, epoxydized oil, various surfactants, various fatty 
acids end thefr esters, etc. 
In addition, the said composition may contain insecticides, insect growth inhibitors, acaricides, 
25 nemstocides, fungicides, herbicides, plant growth regulators, fertilizers, sod improvers, etc. Particularly 2S 
when employed In conjunction with conventional Insecticides, a broad spectrum of activity or a more 
immediate effect on very heterogeneous populations is provided. Examples of the Insecticides include 
organic phosphorus compounds (e.g. fenitrothion (O,O-dimethyI-0-(3-methyl-4- 
nftropnenyljphosphoroihioete), malethion (S-[l,2-bfs(ethoxycarbonyl)ethyl| 0,0 
30 dimethylphosphorothloete), dlmethoate CO>0^dimethyl-S^N-methylcerbamoylmethyl)phosphorodithioate), 30 
salithion (2-methoxy-4H-1 ,3,2-benzdioxe phosphoric 2-aulfide), diazinon (0,0,-diethy l-0-(2-isopropy \*6* 
methyl^pyrimydlnyDphosphorothloate, dipt ere* (2,2,2-trichloro^Vhydroxyethy|-0,0- 
dlmethylphoephonate), dichlorvos (O-(2,2"dIchlorovinyl)-O,0-dimethylphosphate), etc), carbamate com- 
pounds (e.g. MPMC (3,4-dimethylphenyl N-methyleerbamate), MTMC (m-tolyl N*methyl carbamate), BPMC 
3$ (2-sec-butylphenyI N-methylcarbamate), carbaryl ( Vnaphthyl N-mathylcarbamate), etc) end pyrethrold 35 
compounds (e.g. resmethrin (5-benzyl-3-furylmethyl-o',^ciB, trans^chrysanthemate), permethrin (3- 
phenoxybenzyl-</,/-ci$, trens-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropenecarboxylate), fenvalerete (a- 
cyano*m-phenoxybenzyl a-isopropyl-p-chloropheny I acetate), etc). 
The nitrogen-containing heterocyclic compounds (I) of the invention formulated into an appropriate 
40 composition may bs applied in a suitable applFcatlon method such as spraying, smoking, soil treatment, soil do 
surface treatment or in combination with animal feed. 

Some practical embodiments of the composition for the control of insects according to the Invention are 
Illustratively shown in the following Formulation Examples wherein % and part(s) are by weight, 

46 Formulation Example f ^ 
Each of Compound Nos, 1 to 132 (2Q parts), an emulsifier(a mixture of polyoxyethylene-styrenated phenyl 
ether, polypxyethylene-scyrenated phenyl ether polymer and an alkylaryisulfonate (20 pans) and xylene (60 
pans) are mixed well to make en emulslfiable concentrate. 

50 Formulation Example 2 so 
Each of Compound Nos* 1 to 132 (20 parts) and an emulsifler (sodium laurylsulfate) (5 parts) are mixed 
well, and diatomaceous earth (300 mesh) (75 parts) is added thereto, and the resultant mixture Is mixed well 
m a pulverizer to make a we tt able powder. 

Bo Formulation Example 3 

Each of Compound Nos. 1,3, 12 or 46 (3 parts) Is dissolved in acetone (20 pens), talc (300 mesh) (97 pans) 
is added thereto, and the resultant mixture is mixed well In a pulverizer. Then, acetone Is eliminated by 
evaporation to give a dust. 

60 Formulation Exvmpla 4 3q 
Each of Compound Nos. 1 or 1 (5 parts), e dispersant (calcium ligninsulfonate) (2 parts) and cley (93 parts) 
are mixed well In a pulvsrlzer. To the resultant mixture, water la added in an amount of 10 %, and the 
resulting mixture is kneaded well and granulated by the aid of a granulator, followed by drying to give 
granules. 



S5 
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Formulation Example 6 , J#h _ . - , 

Compound No. 3 12 parte), b diaperserit (celctum linaninBUlforiate) (2 parts) end clay |9B parts) are mixeo 
wall Sn a pulverizer. Water is added to the resultant mixture In an amount of 10 %. The resulting mixture Is 
mixed well and granulated by the eld of a grangletor, followed by air-drying; to give fine granules, 

E 

Formulation Example 6 

Each of Compound Nos, 1 to 132 (10 parts), resmethrin ({20 parts), an emulsifier (a mixture of 
polyoxyethylehe-styrenated phenyl ether, polyoxyethylene-styrenated phenyl ether polymer and an 
BlkylaTylsulfonate) (20 parts) and xylene (50 pane) are mixed well to make an emulalfiable concentrate. 

10 

Formulation example 7 

Each of Compound Nos. 1 to 132 (10 parte), fenltrolhlon (20 parts) and an emuMfier (sodium laurylaulfate) 
(5 parts] are mixed well, and dlatomaceous earth (300 mesh) (65 parts) is added thereto, and the resultant 
mixturelsmixedwelllnapulverlzertomekeawettaWeppwder. 
1 6 The following Examples show some typical test data Indicating the excellent Insect control activity of the 
nitrogen-containing heterocyclic compounds (I), The compounds used for comparison are as follows: 



10 



1$ 



20 



Compound 

No. Chemical structure 



Remarks 



20 



25 




KnO^n as 
"methoprane*; 
U.S. patents 
3,904,662 & 
3,912,615 



26 



30 



Compound disclosed 
In Japanese Fat. 
Pub In. (unexamined) 
No* 157522/1&75 



30 



35 



Compound disclosed 
in DT-OS 2 , €16 , 755 



35 



40 



45 




Known, as 
"fenvalerate* 



40 



45 



SO 



Compound 



Chemical structure 



(CH 



Pcmarka 

Known an 
"fenitrothion - 



50 
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T^st Example 1 

Pupae of wa* moth [Gelieria mellanelia) were collected within 20 hours from the pupation. According to 
the Schnelderman's method (J, Insect Physiol,, 7f,1641 (1965)), a puncture of about 1 mm 2 was made In the 
righi side of the thoracic dorsum of each pupa, and the wound was sealed with e deafened amount of the test 
6 compound dissolved In a mixture of paraffin wait and peanut oil. The medicated pupae were kept at 28°c in a 5 
pyrostat The pupal cuticule at the medicated part wee peeled off before emergence, and observation was 
made to examine the formaton of the pupal cuticule, from which the average rate of reaction to the test 
compound was determined, and the dose of the test compound for 50 % Inhibition of the metamorphosis 
(IDso) was calculated. The results are ehown In Table 4. 
10 10 

TABLE 4 

Test compound No, IDoo (v&lpupe) 

IS 15 

1 <0.001 

A 2.2 

20 B >1 20 

C >1 

25 Test£xampte2 25 
An emulsjfisble concentrate prepared according to Formulation Example 1 was diluted with water to make 
a 400 fold dilution* The dilution (0,7 ml) was added to 1 DO ml of distilled water. Last Inatar larvae of common 
mosquito {Cufox pip fans pollens) were released therein and reared for 7 days until their emergence, The rate 
of emergence was observed (two replications). The results are shown in Table 5, 

30 30 

TABLE 5 

Test compound No. Concentration fppmf . Rate of emergence (%) 
35 35 



00 5 3.5 0 40 



45 10 3.5 0 45 



50 15 3,5 0 50 



1 


3.6 


0 


2 


3.5 


0 


3 


3.5 


0 


4 


3.5 


0 


5 


3.5 


0 


6 


3.5 


0 


7 


3.5 


0 


8 


3,5 


0 


9 


3.5 


0 


10 


3.5 


0 


11 


3.5 


0 


12 


3,5 


0 


13 


3.5 


0 


14 


3.5 


0 


15 


3,5 


0 


16 


3.5 


0 


17 


3.5 


0 


18 


3.5 


0 


19 


3.5 


0 


20 


3.5 


0 


21 


3.5 


0 


22 


3.5 


0 


23 


3.5 


0 


24 


3.5 


0 


25 


3.5 


0 


26 


3.5 


0 


27 


3.5 


0 


28 


3.5 


0 


29 


3.5 


0 


30 


3.5 


0 



55 20 3.5 0 55 



eo 25 3.5 0 60 



65 30 3.5 0 65 
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TABLE 5 (continued) 
Test compound No. Concentration ' fppm) Rote of emergence f%l 



10 



15 



20 



25 



30 



35 



40 



50 



60 



65 



31 


3.5 


0 


32 


. 3.5 


0 


33 


3,5 


0 


34 


3.5 


0 


35 


3.S 


0 


38 


3:5 


0 


37 


3.6 


0 


38 


3.5 


0 


39 


as 


0 


40 


3,5 


0 


41 


3,5 


0 


42 


3.5 


0 


43 


3.5 


0 


44 


3.5 


0 


46 


3.5 


0 


46 


3.S 


0 


47 


3.6 


0 


48 


3.5 


0 


4$ 


3.5 


0 


60 


3.5 


0 


61 


3.6 


0 


52 


3.5 


0 


53 


3.5 


0 


64 


3.5 


0 


55 


3.6 


0 


56 


3.6 


0 


67 


3.6 


0 


58 


3.5 


0 


59 


3,5 


0 


60 


. 3.5 


0 


61 


3,5 


0 


62 


3.6 


0 


63 


3.6 


0 


64 


3.5 


0 


65 


3.5 


0 


66 


3.5 


0 


67 


3.5 


0 


68 


3.5 


0 


69 


3.5 


0 


70 


3.5 


0 


71 


3.5 


0 


72 


3.5 


0 


73 


3,5 


. 0 


74 


3,5 


Q 


75 


3.5 


0 


76 


3.5 


0 


77 


3.5 


0 


78 


3,5 


0 


79 


3.5 


0 


80 


3.5 


0 


81 


3.5 


0 


82 


3.5 


0 


83 


3.5 


0 


84 


3.5 


0 


85 


3.5 


0 


86 


3.5 


0 


87 


3,5 


0 


88 


3.5 


0 


89 


3.5 


0 


do 


3.5 


■ 0 


91 . 


3.5 


0 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 
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Test compound No* 



TABLE 5 (continued) 
Concentmfon {ppml 



Hare of emergence f&) 



10 



15 



20 



25 



30 



35 



40 



45 



60 



. 32 


3.5 


0 


93 


3,5 


0 


34 


3.5 


0 


85 


3.5 


0 


96 


3.5 


0 


97 


3.5 


0 


98 


3.5 


0 


99 


3.6 


0 


100 


3.5 


0 


101 


3.5 


0 


102 


3.5 


0 


103 


3.5 


0 


10* 


3,5 


0 


105 


3.6 


0 


106 


3.6 


0 


107 


3.6 


0 


108 


3,6 


0 


109 


3.5 


0 


110 


3.5 


0 


m 


3.5 


0 


112 


3.5 


0 


113 


3.5 


0 


114 


3.5 


0 


115 


3,5 


0 


116 


3.5 


0 


117 


3.5 


0 


118 


3.5 


0 


119 


3.5 


0 


120 


•3.D 


0 


121 


3.5 


0 


122 




0 


123 


3,5 


0 


124 


3.5 


0 


126 


3.5 


0 


126 


3.5 


0 


127 


3.5 


0 


128 


3.5 


0 


129 


3.5 


0 


130 


3.5 


0 


131 


3.5 


0 


132 


3.5 


0 


A 


3.S 


0 


Untreated 




90 



Test Example 3 

An emulsifieble concentrate prepared according to Formulation Example 1 was diluted with water to a 
designed dilution. The dilution (0-5 ml) was added to 100 ml of distilled water Twenty last Instar larvae of 
65 common mosquito [Cutex pip/ens pat/ens) were released therein and reared for 7 days until their emergence- 
Trie 50 % emergence inhibition concentration (IC*,) (ppm) was determined (two replications). The results a re 
shown in Table 6 wherein PI$q correspond* to -log ICb©. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



65 
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TABLE 6 



10 



15 



20 



mpound A/a 






1 


4.3 


5 


3 


4.2 






4.8 




19 


3.9 




20 


4.4 




23 


4.4 


10 


Aft 


3.8 




49 


5.2 




89 


4.4 




95 


4.2 




97 


4J 


15 


124 


4,1 




125 


4.1 




A 


3.7 








20 


B 


1,1 




C 


1.8 





25 

Teat Example a 

Powdered animal feed (2 g) was thoroughly mixed with bran (14 g). An emulsifiable concentrate prepared 
according to Formulation Example 1 was diluted with water to a designed concentration and the dilution {28 
ml) was added to the above mixture, The resultant mixture was stirred wall to make an artificial culture, 
30 Thirty larvae of housefly (Muses domestics) were reared therein until their pupation, The obtained pupae 
were placed into a plastic cup, and the rate of emergence was determined. According to the following 
aquation, the emergence Inhibition (%) was calculated: 



25 



30 



35 Emergence 

inhibition - (1 



Rate of emergence in treated plot ^ x ^ 
Rate of emergence in untreated plot 



35 



40 The results are shown in Table?. 



40 



TABLE 7 



46 



Test Compound No. 



Emergence inhibition (%) 



45 



50 



55 



60 



65 





3 ppm 


1 ppm 


0,3 ppm 


1 


100 


100 


100 


2 


100 


100 


52 


3 


100 


100 


100 


4 


100 


100 


100 


5 


100 


100 


100 


6 


ioo 


100 


100 


10 


ioo 


89 


22 


12 . 


100 


100 


100 


15 


100 


100 


100 


19 


100 


100 


100 


28 


78 


51 


0 


31 


100 


100 


100 


32 


96 


66 


0 


33 


100 


92 


34 


34 


79 


23 


0 


35 


97 


. 97 


80 


37 


100 


100 


100 



50 



55 



60 



65 
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TABLE 7 (continued) 





7esi compound No, 




Emergence inhibition (%) 




5 


* 


3 ppttt 


f ppm 


0.3 ppm 


5 




33 


97 


93 


77 






39 


100 


100 


97 






46 


100 


100 


100 




10 


47 


100 


100 


100 


I u 




48 


97 


62 


8 




SO 


100 


95 


23 






51 


100 


68 


2 






61 


100 


100 


100 




1fi 


62 


100 


100 


69 


lb 




63 


100 


100 


100 






64 


100 


100 


100 






66 


100 


100 


100 






67 


100 


100 


100 




on 


68 


100 


100 


89 


ZU 




69 


100 

1 WW. 


100 


100 






71 


100 


100 


100 






72 


1 WW 


100 


100 






73 


ion 


100 


96 




ZP 


74 


100 


100 


83 


25 




75 


100 


100 


95 






76 


100 


100 


100 






77 


100 


100 


100 






78 


100 


100 


100 






79 


100 


100 


95 


an 




82 


100 


89 


41 






83 


100 


92 


57 






84 


100 


67 


16 






85 


1O0 


ion 


&7 
©/ 




35 


97 


100 


100 


85 


35 




98 


100 


lUU 








99 


. 100 


100 


92 






ioo 


100 


100 


32 






101 


100 


100 


40 




"TV 


102 


100 


100 


100 


AO 




103 


100 


100 


92 






120 


100 


79 


46 






122 


100 


47 


7 






131 


100 


100 


100 




46 


132 


100 


100 


100 


45 




A 


60 


13 


2 






B 


36 


16 


0 




50 










50 




C 


0 


0 


0 





Test Example 5 

SB Adults of female carmine spider mites { Tetrsnycfius cinnsbarinus) were permitted to live on four leaves 65 
(10 mites per leaf) of kidney bean after 5 days of fts plantation in the pais, and the adults were kept at 27X in 
a pyrostat After 6 days, a 400 fold dilution (500 ppm) of the emulsifiable con cent rare prepared according to 
Formulation Example 1 was sprayed over the pots placed on a turn table at a spray voIuidb of 10 ml per pot 
and also 2 ml of the dilution was applied to the soil in each pot. Eight days thereafter, the number of the 

60 adults were counted and the Insect control activity was'judged according to the following criteria: 60 

+ + : 0 to 9 adults living on a leaf 
+ : 10 to 30 adults IMng on a leaf 

more than 31 adults living on a leaf 
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The results are shown in Table 8. 



TABLE 8 



10 



16 



Test Compound No. 

46 

80 
126 
128 

B 

C 

Untreated 



Judgement 
+ 

++ 



10 



15 



20 Test Example 6 

Each fifty adults of male end female housef lies (Musca domestics) Were put in a cage. Separately, 
powdered feed (2 g), bran (14 g) and water (28 ml) were thoroughly mixed to make an artificial culture and 
thirty 4-day-old larvae of housefly were reared therein. A 20 % emulsifiable concentrate of Compound No. 3 
prepared according to Formulation Example 1 and diluted with water as well as Its mixture with Compound 
25 0 and Compound E was sprayed to each of the cage and the culture at a spray volume of 20 ml. After the 
spraying, the culture was put in the cage, and the numbers of the adults within the cage were observed with 
lapse of days and evaluated In terms of "corrected density Index", which was calculated according to the 
following equation: 



20 



26 



30 



35 



Corrected 

density 

index 



Number of adult 
before treatment x 
in untreated plot 



Number of adult 
after treatment 
in untreated plot 



Number of adult 
after treatment 
in treated plot 



Number of adult 
x before treatment 
in treated plot 



100 



30 



35 



40 



The results are shown in Table 9. 



40 



TABUE 9 



45 


Compound 
No. 


Concentration 
fppm) 


1 day 


Corrected density Index 
Z days S days 16 days 


22 days 


45 


50 


3 


5 


98 


98 


99 


3 


2 


60 




D 


10 


25 


24 


23 


64 


81 






E ' 


10 


30 


22 


22 


71 


60 




56 


3/D 


6/10 


34 


29 


25 


4 


2 


56 




a/E 


5/10 


33 


31 


30 


2 


1 





Test Example 7 

, An emulsifiable concentrate prepared according to Formulation Example 1 was diluted with water to a 
designed concentration, The resultant dilution (50 ml) was added to feed for domestic fowl (100 g) and 
thoroughly mixed. The thus obtained mixture was fed to groups of fowls (each group consisting of three 
animals) at a daily dose of 1 00 g/fowl for 2 days, whereupon their droppings were collected. Two hundreds 
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eggs of housefly (Mvsca domestic*) were incubated In the droppings umil their pupation- The obtained 
pupae were placed Into another container, and the 60 % emergence inhibition concentration (IC50) was 
examined. The results are shown in Table 10: 



TABLE 10 

Test Compound No. IC 6Q fppmj 

10 1 o,69 

3 0.24 

A 32 

15 

CLAIMS 



10 



15 



1. A nitrogen-coniafnlng heterocyclic compound of theformula: 
Zv IU R- 



20 R g 



26 



Y-CHHCH 2 f ?r CH-X-R 1 



wherein. 
R, is one of the following groups: 



30 



35 



40 




% 12 



R 16 



"ft 




v 14 



18 



R^R 
R 2X R 20 



4S (in which R 7 , R a , Rb, Ric Riv Rn» Ria* Bib, R16 end Ri> are each Independently a hydrogen atom* a 

halogen atom, e CpC* allcyl group, a C r C« alkoxy group, a C^C* alkylthio group, a trifluoromethyl group or a 
nltro group, R 1fl , R 19f R 20 and R 21 are each Independently a hydrogen atom or a methyl group, K is 0 or 1 and £ 
Is 0 or an Integer of 1 to 3); 
R2 and R 3 are each independently a hydrogen atom, a halogen atom or a methyl group; 
60 R4 is a halogen atom or a methyl group; 

Rb and Re are each independently a hydrogen atom, a halogen atom, a allcyl group, a C^-C^ alkoxy 
group, a C r C 4 haloalkyl.group or a C,-C« haloalkoxy group; , 
X, Y and 2 are each independently an oxygen atom, a sulfur atom or a methylene group: 
m is 0 or an integer of 1 to 4; and 
55 n is 0 or an integer of 1 or 2. 

2. A nitrogen-containing heterocyclic compound as clBirned in Claim 1 , wherein 
R1 is one of the following groups; 



60 




20 



25 



30 



36 



40 



45 



60 



55 



60 
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On which R 7 , Re, Rn. Biz and R. 7 ere each a hydrogen otom or a fluorine atom, R*e, Ri», R» and R« are each a 
hydrogen atom and € Is as defined in Claim 1 ; 

R? and R s are each independently a hydrogen atom, a halogen atom or a methyl group; 

R B and R« are each Independently a hydrogen atom or a fluorine atom; 
S Xts an oxygen atom or a sulfur atom; s 

Y Is an oxygen atom; 

1 Is an oxygen atom or a methylene group; and 
m and n are each 0, 

3. A nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula; 

10 



<Q-0^-0-CH 2 -CH 2 -0^ 



^ 4. A nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula: 



9 H 3 



25 



Qo<>0~CH 2 -<Lo^) 



6. A nitrogen-containing heterocyclic compound as claimed In Clelm 1 having the formula; 
Fv CH. 



V-v 3 



50 Q°C> 0 - CH 2 4 H^3 

10, A nitrogen-containing heterocyclic compound as claimed in Claim 1 having the formula: 

CH 

11* A nitrogen-containing heterocyclic compound as claimed ?n Claim 1 having the formula: 



10 



15 



» 20 
a A nitrogen-containing heterocyclic compound aa claimed in Claim 1 having the formula: 



25 



30 



30 

3g 7. A nitrogen-containing heterocyclic compound as claimed in Claim 1 having the formula: 
40 

6. A nitrogen-containing .heterocyclic compound as claimed in Claim 1 having the formula; 

45 45 

9, A nitrogen-containing heterocyclic compound as claimed in Claim 1 having the formula; 

CH 3 



35 



40 



50 



56 



60 
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12. A nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula: 



10 



CH 2 -CH 2 

13. A nitrogen-containing heterocyclic compound as claimed in Claim l having the formula: 
*> 




0-CH 2 -CH 2 



15 14, A nitrogen-containing heterocyclic compound as claimed In Claim 1 having tha formula; 



20 



15. A nitrogen-containing heterocyclic compound as claimed in Claim 1 having tha formula: 



25 




16. A nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula: 

30 /r-\ /t~\ s- 

■0-CH 2 -CH 2 - 

17. A nitrogen-containing heterocyclic compound as claimed in Claim 1 having the formula: 
36 F. CH- 



40 18, A nitrogen-containing heterocyclic compound aa claimed In Claim 1 having the formula: 
p CH 

19. A nitrogen-containing heterocyclic compound as claimed in Claim 1 having the formula: 



60 



55 



20. a nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula: 

Pv 



och 2 -ch 2 -s~<' x ; 




10 



IB 



20 



25 



3S 



40 



45 



60 



55 
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21, A nitrogen-containing heterocyclic compound as claimed In Claim 1 having the formula; 



6 

22, A nitrogen-containing heterocyclic compound as claimed in Claim 1 having tha formula: 
10 CI 10 



15 23. A nitrogarncontainlng heterocyclic compound a* claimed in Claim 1 which is an (SM-Hsomer of tha 15 
compound of the formula: 

CH 3 



24. A nitrogen-containing hetorocycJiccompoundaBclalrned in claim 1, which lsan(SH-)-l6omer of the 
compound of the formula: 

CH, 



25. A compound of the formula: 
30 Fv R ™ R « 30 



36 — 

wherein R? is a halogen atom, a hydro*yl group, a tosyloxy group or a mesyloxy group, RJ and RJ are, each 
independently a hydrogen atom or a methyl group and RJ Is a hydrogen atom or a fluorine atom. 
40 26. A compound aa claimed in Claim 25, having the formula: 40 



CH 2 -CH 2 -OH 

45 -/ — <s 

27. A compound as claimed in Claim 25, having the formula: 

CH, 

50 // \ - / A _ I " 50 



CH 2 -OH 



Dmpound as 



28. A compound as claimed in daim 25, having the formula: 
65 .65 




60 x/ 60 
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29. A compound ae claimed In daim 25, having the formula; 

H-o-@_o-cvc S 3- Br 



30. A compound bg claimed in claim 2B, having the formula : 



f £m> 



CH 2 -CH 2 -OH 



31. A compound as claimed in claim 25, having the formula: 



20 



CH 2 -Br 



32. A compound as claimed in claim 26, having the formula: 
p * CH, 



26 \^°^^ 0 -^- { 



CH 2 -OH 

33. A compound as claimed in claim 2S, having tha formula: 
30 // A _ _ I 



0-CH 2 -CH-OH 



34. A compound as clalmad in claim 25, which Is an (SJ-f+Hsomer of me compound of the formula: 



35 



? B 3 



<^0^^0-CH 2 -iH-OH 



40 



35. A compound as claimed In claim 25, which is an (RM-Heomer of the compound of The formula: 



CH 3 



46 36. A compound as claimed in claim 25, which Is an <5M+ )-i*omer of the compound of the formula: 



50 



37. A compound as claimed in claim 25, which is an (RH-Hsomer of the compound of the formula: 



55 




0-CH-CH 2 -OH 



10 



16 



20 



25 



30 



3S 



40 



46 



60 



55 



38. A compound of the formula: 



tK>»- 



60 
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48 



wherein R' Is a hydrogen atom or a methyl group. 
39. A process for preparing a nitrogen-containing heterocyclic compound of the formula: 

^y-CH-fCHj-^-CH-X^ 



10 




15 



wherein 

Ri, R4, Re, R$, X, Y, Z, m and n ere each as defined In Claim 1 and R± and Ri are each independently a 
hydrogen atom or a methyl group; which comprises 
(a) reacting a compound of the formula: 

I 



20 




Y-CH— tCH-,-*— CH-A, 
4 n 1 



25 



wherein R£, R£, R*. Rfc, R fl , Y, Z, m and n are each a* defined above end is a halogen atom, a mesyloxy 
group or a tosyloxy group, with a compound of the formula: 



10 



15 



20 



26 



H-X-R, 



30 wherein R, and X are each as defined above or an alkalf metal salt thereof, 
(b) reacting a compound of the formula; 

CH-X'H 



30 



.Z. 



35 



2 T n 



-5 *Vm 

40 wherein R£, R3, R* Rs< Ra» V, 2, m and n are each as defined above and X' >e an oxygen atom or a sulfur atom 40 
or an alkali metal salt thereof, with a compound of the formula: 



A 2 -Ri 



45 



wherein R t Is ae defined above and A 2 is a halogen atom; or 

(c) when R 2 or R 3 in the desired nitrogen-containing heterocyclic compound is a halogen atom, reading 
the corresponding non-helogenaied compound with a halogenating agent 
SO 40. A process for preparing an (S)-1 -methyl-2-{4-phenoxyphenoxy)ethyl acetate of the formula : 



65 



60 



:ch 3 

which comprf6es reacting an (RM-methyl-2-(4-phenoxypheno*y)erthyl sulfonate of the formula: 

CH- 



7 W'^wo- 




O-CH 




45 



50 



55 



60 
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wherein & Is a p-tolyl group or a methyl group, with sodium acetate or potassium acetate. 

41 . A composition for preventing or exterminating insects which comprises as an active Ingredient an 
insecticidelly effective amount of a compound according to daim 1, together with en Inert carrier or diluent. 

42. A method for preventing or exterminating Insects which comprise applying an insecticidelly effective 

S amount of the compound according to claim 1 to the insects or to their habitat 5 

43. The use of a compound as claimed in dslm 1 as an insectlcldal agent 

44. A compound as claimed in claim 1 as hereinbefore defined in the Specific Examples. 

45. a process for preparing a compound es claimed In claim 1 substantially as hereinbefore described 
with reference to any one of the Examples. 

10 46. A composition as claimed in claim 41 substantially as hereinbefore described with reference to any jo 
one of the Formulation Examples. 

47. A method as claimed In claim 42 substantially as hereinbefore described with reference to any one of 
the Test Examples. 
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